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ABSTRACT
The hairy root culture of Polygonwn tinchtorium Ait was established through itifec;tion
of sterilized seedling with bacteria Agrobacterium rhizogenes strain A4 and ATCC 15834.
There were variation in anthocyanin production among isolated clones. The anthocyanin
produced by hairy root was smaller than produced by plants in field. Although agropine and
mannopine spots were undetectable by paper electrophoresis, the hairy root cultures was
proved to be transfonned by bioassay.
RINGKASAN
Kultur akar transgenik daTi Polygonwn tinchtorium Ait telah dimantapkan dengan cara
menginfeksi bibit steril tanaman ini dengan bakteri Agrobflcterium rhizogenes strain A4 dan
ATCC 15834.
Terdapat variasi kandungan antosianin diantara klon yang diisolasi. Kandungan anto-
sianin yang dihasilkan oleh akar transgenik lebih rendah daripada tanaman yang ada di lapang.
Meskipun spot agropine dan mannopine tidak dapat dideteksi dengan elektroforesis kertas,
tetapi akar transgenik tersebut telah terbukti bersifat transformasi dengan metode bioassay.
INTRODUCTION.
The previous study on the production of anthocyanin from callus culture and suspen-
sion culture of Polygonum tinchtoriwn Ait showed that the highest anthocyanin production was
achieved in suspension cultures. The selected clone through selection in solid medium pro-
duced anthocyanin four times higher than un selected clone. By using suspension cultures,
anthocyanin production wa~ ten times higher. (Ernawati et ai, 1991 a. b). After some passages
of suspension cultures, some problems arised, like un stability clone in producing anthocyanin,
which then the repeated slection was necessary to maintain its genetic stability. The develop-
ment of stabil and fast growing of hairy root cultures may overcome those problems.
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The hairy root cultures were obtained by genetic transformation of plant tissue with
bacteria Agrobacterium rhizogenes. Its infection on dicotyledon plants caused roots prolifera-
tion on the site of infection. It happened because Ri plasmid carried T-DNA of the bacteria
was inserted to plant genome, which then induced auxin synthesis and other rhizogenic func-
tions. The induced roots can be isolated from the host plant and cultured on the medium
without plant growth regulators. In this case, the hairy root culture is different from the usual
root culture which need exogenous auxin for its prolieration. The hairy root cultures has been
reported successfully in producction of useful compounds from various plants. (Ko et ai,
1988; Isa et ai, 1989; Taya et ai, 1989). Here, we report the used of hairy root culture of
Polygonum tinchtorium Ait to produce antosianin.
MATERIAL AND MEnlODS
Material: Seeds of Polygonum tinchtorium Ait cv. Miyagi Ai. Strain bacteria A. rhizogenes
which contained plasmid pRi A4 and pRi 15834.
Methods:
1. Initiation of the hai~ root culture
The seeds were sterilized with NaHCI0'5% and sterilized water, then placed on the
medium Murashige-Skoog without any plant growth regulator (MS-O). The cultures were
then incubated under continuous 3000 lux white lamp and 2'5°C. (standart condition). The
bacteria was then inoculated on the wounded stem of ten days old seedlings. The hairy roots
were appeared about two weeks after inoculation. The hairy rQOts which has 10 cm long, was
transferred to the MS-O medium which contained 500 ppm anti bacteria Clarofuran in petri
dish. The cultures were placed on the standart condition for two weeks and subcultured for
three times. After that, the hairy root was propagated on liquid MS-O medium which incubated
in standart medium and sub cultured every two weeks.
2. The exQloration of Hair): root clones
Each hairy root which isolated from one seedling was placed on a petri dish which
contained solid MS-O medium. Each petri dish contained 2 pieces 2 cm long hairy root.
Observation was done for the growth and dry weight, and anthocyanin synthesis which
showed by red colour. The red colour hairy root was then transferred to liquid MS medium.
The explants were 5 cm of root tip with branches. There 5 bottles for each clone. The obser-
vation was done for anthocyanin synthesis and dry weight after culture 1 month old.
3. Detection of transformed hair): root
Detection of agropine and mannopine was carried out according Petit et al (1983). One
month old hairy root was used as material. 1 gram fresh weight of hairy root was macerated at
4°C for 10 minutes, then 0.5 ml HCI IN was added. This solution was then poured into
ependorf tubes dan centrifuged at 14000 rpm at 4 °C for 10 minutes. The supernatan was then
charged on the filter paper, and the volume was 50 ul, 100 ul, 150 ul, 200 ul and 250 ul. The
supernatant of transformed hairy root of tomato was used as standart. The methylene blue was
used as marker.
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Runnin~ buffer: Buffer solution was containing 25 ml formic acid, 75 ml acetic acid and 400
ml destilated water. Electrophoresis was done at CV 400 volt for 3 hours. After that the paper
was taken out and dried up at room temperature. The paper then was soaked in buffer solution
A for 8 minutes, for staining. The buffer solution A containing 6 gram AgNO) soluted in 0.6
ml destilated water and 300 ml aceton. After that, the paper was removed to buffer solution B
for three minutes, which contained 160 ml of 20% NaOH solution and 160 ml ethanol. The
paper then was rewashed in distiled water dan then was soaked in fuji fix solution for 2-3
hours. After that the paper was dried up.
Bioassa~ to l2rove the hair): root was transformed or untransformed
Each hairy root clone was out into 0.5 - 1 cm long and placed in solid MS medium
which contained 10-6 M and 10-5 M and incubated at standart condition. The calli formed in
those medium was then removed and transferred to liquid MS-O medium and incubated at
standart condition, and shaked at 125 rpm.
4. Iheeffect of exl21ants. sucrose and NH4-HQ3 on hair): root growth and anthoc~anin s~n-
~
The explant was from 2 weeks old culture stock. There were 3 type of explants: (a) 5
cm long root tip with branches, (b) 5 cm long root tip without branches, (c) a piece of explant
type a and b together placed in one bottle.
The sucrose concentration was 0; 15 and 30 g/l. The NH4 NO) concentration was 0, 2,
20 m. Basal medium was Murashige-Skoog. There were 5 bottles for each treatment.
Observation was done for the growth and development of hairy root, anthocyanin
synthesis and dry weight. The anthocyanin measurement was done according Ernawati et al
(1991).
~ULT AND DISCUSSION
1. Initiation of hair): root culture .
The hairy root was showed up about 2 weeks after inoculation of bacteria on the
wounded stem of sterilized seedling. The percentage of hairy root formation after infection by
A. rhizogenes strain A4 and ATCC 15834 was same (80%). The effectivity of both strains
was same to induce hairy root.
2. Ex~loration of hair): root clones on solid and liQuid medium
The preliminary growth of the hairy root was slow. After 3 weeks old, the maximum
root was 15 cm with lateral branches. Total isolated clones was 23 clones hairy root, initiated
with A. rhizogenes strain A4 and ATCC 15834. But only some clones produced anthocyanin.
This result may be because the initiation of hairy root was through seedlings which has dif-ferent genetic potential. The capacity of hairy root to produce secondary metabolite was as .
same as the mother plant I s (Flores and Filner, 1985). According to Cardarelli et al (1985)
the root proliferation by A. rhizogenes was depent on certain host plant and certain organ.
Owens and Cress (1985) reported that each strain has different ability to infect cultivar or
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species. The different of source of explants could be the cause of different hairy root poten-
sial.
On the liquid medium, the hairy root grew faster than on the solid medium. There
were more lateral branches formed. But red pigment showed on the hairy root grew on the
liquid medium. There were variation of anthocynin production and dry weight among isolated
clones (Table 1). The anthocyanin content was lower than the one produced by suspension
culture, calli and intact plant. It may because anthocyanin was produced in stem and flower of
intact plant, while hairy root usually produce compounds which naturally was produced in
root of intact plant.
Table 1. The anthocyanin content and dry weight of the Polygonum tinchtorium Ait hairy root
clones (1 month old)
Clones A. rhizogenes A4 A. rhizogenes 15834
Anthocyanin Total Dry weight Anthocyanin Total D. weight
A525 g A525 g
1. 0.186+0.006 0.057+0.009 0.211 +0.003 0.107+0.01
2. 0.241+0.03 0.054+0.008 0.127+0.02 0.108+0.02
3. 0.123+0.02 0.092+0.01' 0.160+0.01 0.104+0.02
4. 0.124+0.01 0.101+0.01 0.122+0.01 0.122+0.03
5. 0.110+0.02 0.099+0.01 ,'~ 0.125+0.01 0.089+0.009
6. 0.214+0.03 0.114+0.02 eu 0.190+0.02 0.116+0.02
7. 0.180+0.03 0.090+0.01 0.196+0.02 0.078+0.008
8. 0.252+0.02 0.110+0.02 0.161 +0.02 0.114+0.02
9. 0.115+0.03 0.105+0.01 0.200+0.03 0.115+0.01
10. 0.2 +0.03 0.101 +0.02 0.230+0.03 ~\, 0.128+0.02
11. 0.130+0.01 0.097+0.009 0.118+0.02 0.078+0.009
12. 0.273+0.03 0.087+0.008
3. Detection of transformed hai~ root ~ 2 :nm~
The experiment by using paper electrophoresis was not able to detect specific spot of
agropinnic acid and mannopinic acid extracted from the hairy root culture of Polygonum tinch-
torium Ait. In contrary, the clear spot was detected from transformed tomato's hairy root that
was used as marker. The result doesn't mean that the hairy root culture of Polygonum tinchto-
rium Ait was not transformed.
The bioassay experiment showed that the hairy root induced callus in solid MS medium
containing 10-6 M NAA and 10-5 M NAA. Some of calli was friable and some of them was
compact. All calli formed hairy root again when those calli were transferred on the liquid MS-
0 medium. This phenomena showed that those hairy roots were transformed. Opine is spesific
amino acid which used as indicator of transformation. But the expression of the gene codes
opine synthesis in hairy root was not stabil along time. (Rhodes et ai, 1987). In the case of
hairy root of Nicotiana rustica, opine spot also was not able to be detected by paper electro-
phoresis, but by using Southern blot hybridization, the existence of T R-DNA and T L -DNA of
hairy root was detected. (Rhodes, et ai, 1987).
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4.
haia root
The experiment was visually observed and its result was showed on the table 2.
Thble 2. The condition of hairy root after 2 months in treatment medium
Sucrose 30 g 15 g 0 g
NH4NO)
20roM a. groWing, numerous branches (+ + + +) growing, numerous branches (+ + + +) death, no growth
b. groWing, long straight groWing, long straight death, no growth
c. groWing, numerous branches (+ + + + ) growing, numerous branches (+ + ++) death, no growth
.
2 roM a. growing, few branches (+ +) growing, numerous branches( + + + +) death, no growth
b. growing, few branches (+ +) growing, numerous branches (+ + + +) death, no growth
c. growing, few branches (+ +) growing, numerous branches (+ + + +) . death, no growth
0 roM a. death, no growth death, no growth death, no growth
b. death death death,
c. death death death,
a,b,c; type of exsplants '1
( + ); showed the visual appearance
Thble 2 showed that both of sucrose and NH4NO were needed by explant to support
the growth of hairy root. According to BomhoCC et al(1976) the inserted Ti plasmid In
genome will use the opine as source of energy, as Nand C source. The same analogy was
also take place for Ri plasmid, which indu~agropine and mannopine. The lateral branches
from the root was formed from explant type b which placed on the MS medium containing 2
mM NH4NO3 at the sucrose concentration 15 gram or 30 gram. This data showed that
NH4NO3 was critical factor for the growth and development of explant. Sucrose was needed
as energy source. The dry weight of hairy root was showed on the Thble 3.
,
Thble 3 showed that the highest dry weight was achieved when the explant used was
root tip with lateral branch. Th~ condition was MS media containing 2 mM NH4~O and 15 g
sucrose. In case of cell suspensIon culture of soybean the growth was decreased If ~e concen-
tration of NH4NO] was higher than 2 mM on the B-5 medium (Gamborg et ai, 1968).
Thble 4 showed that the highest anthocyanin was produced by cultures grow on the
me;dia containin~ NH4 NO3 2 mM, 15 g/l sucro~e by usin~ branches root tip as .an explant.
ThIS result was dIfferent from the one take place 10 suspensIon cultures. In suspensIon cultures
of P. ti~htorium Ai! the deletion of ~4NO3 ~rom. the MS l'!1ediumm increased anthocyanin
synthesIs (Ernawatl et ai, 1991). The lOcubatlon time of hauy root cultures was 2 months,
while the suspension cultures was 2 weeks. During that time, degradation of anthocyanin
synthesis may take place. The capacity of the hairy root cultures to produce anthocyanin was
lower than the suspension cultures. The production of anthocyanin in vivo was take place at
stem and flower. In the suspension cultures of Poiygonum tinchtorium Ait, the cells was able
to proliferate on the MS medium without NH4NO while on the hairy root cultures, explants
was dying when those placed on MS medium without NH4NO3 while on the hairy root cul-
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tures, explants was dying when those placed on MS medium without NH4NO3. It is clear that
NH4NO3 was necessary for the growth of hairy root culture.
, ,..,
Table 3. The dry weight of hairy root after 2 months cultured ;., i i
- '.- f\~Sucrose 30 g g15 g 0 g
- -
~O3 - . -~ . ~ ~A f\ f\f\O.L. -
20mM a. 0.109+0.002 0.169+0.02 0.008 +
\. b. 0.035+0.004 0.052+0.006 0.004
c. 0.091+0.008 0.14 +0.02 0.010
- .. -- - - - -- ~ AA '.J f\ f\f\O-
2mM a. 0.225+0.03 0.247+0.03 .. of 0.008
, ., .
.,~~!.!.II;b. 0.109+0.01 f c~ 't' 0.109+0.01, ;' 0.004
. .;;'~ c. 0.228+0.02". i 0.223+0.03 0.010O;M ~..2~:~--~OO7~':'-- ~ i_-
b . 0.002 I i 0.004 ;. 'j 77 '41(~';;;;" 0 . 003
i c. 0.009;,,' "/"';' .. 0.009 "i.l","';' ,. " 0.010
" , i , :11,"
Table 4. The anthocyanin content of hairy root after 2 months old. (AS2s> '
- -- n~Sucrose 30 g g15 g 0 g
NH4NO3-,..." '-, '
~A4J."""3 - .. - 1 -- - -- n-
20mM a. 0.102+0.02 0.167+0.03 0
b. 0.020+0.008 0.030+0.005 0
c. 0.080+0.006 0.125+0.02 0
-- - - --- - -- n-
2mM a. 0.194+0.03 0.238+0.03 0
b. 0.090+0.006 0.125+0:02 0
c. 0.201+0.03 0.184+0.02 0
- -- - n-
OmM. a. 0 . 0 0
-:: b.. 0 0 0
c. 0 0 0
- -- - ,. - ,-
.
CONCLUSION
The experiment showoo that both of A.. rhizoqenes strains A and ATCC 15834 effec-
tively inducoo hairy root culture of P. tinch/onum Ait. The Hairy Root obtained was trans-
formoo root.
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The anthocyanin content produced by Hairy Root was little and lower than the one
produced by callus cell line and intact plant.
The best condition to support the growth of hairy root and anthocyanin synthesis was
MS medium containing 2 mM NH4NO3 and 15 g/l sucrose.
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